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ABSTRAK

Material LaFeOsatau Lanthanum orthoferrite merupakan material yang berpotensi sebagai
bahan pembuat sensor gas yang molekul gas penyusunnya terdiri dari oksigen. Namun,
LaFeOs sebagai bahan sensor gas etanol memiliki kinerja yang kurang optimal dalam hal
sensitivitas dan selektivitas sehingga diperlukan pemberian doping. Doping Strontium (Sr)
dipilih untuk meningkatkan sensitivitas sensor gas. Selain itu, penambahan lapisan reduce
graphene oxide (rGO) dapat meningkatkan selektivitas sensor gas etanol. Penelitian ini
bertujuan untuk mempelajari pengaruh penambahan lapisan rGO terhadap energi adsorpsi
dan bandgap SrLaFeOs; (SLFO) sebagai sensor gas etanol menggunakan Density
Functional Theory (DFT). Perhitungan DFT dilakukan untuk menghitung energi adsorpsi
dan energi bandgap SrLaFeOs murni dan SrLaFeOs dengan penambahan lapisan rGO
ketika mendapat paparan molekul etanol. Pada penelitian ini, energi adsorpsi SrLaFeOs
ketika terpapar etanol bernilai -5,12 eV dan menjadi -6,09 eV setelah diberi lapisan rGO
sedangkan untuk energi bandgap SrLaFeO3z; murni sebesar 0,83 eV dan ketika dilapisi rGO
menjadi 0,04 eV. Untuk SrLaFeOsYyang terpapar etanol bernilai 0,40 eV dan menjadi 0,02
eV ketika dilapisi rGO. Berdasarkan hasil tersebut penambahan lapisan rGO dapat
memperkecil energi bandgap SrLaFeOs; dan berpotensi dapat meningkatkan sensitivitas

dan selektivitas sensor gas etanol berbasis SrLaFeOs.

Kata kunci: LaFeOs, Strontium, SrLaFeOs, reduce graphene oxide, sensor gas

etanol, density functional theory
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ABSTRACT

LaFeOs or Lanthanum orthoferrite material is a potential material as a component of a gas
sensor whose gas molecules consist of oxygen. However, LaFeOs as an ethanol gas sensor
material has less than optimal performance in terms of sensitivity and selectivity so that
doping is required. Strontium (Sr) doping was chosen to increase the sensitivity of the gas
sensor. In addition, the addition of a reduced graphene oxide (rGO) layer can increase the
selectivity of the ethanol gas sensor. This study aims to study the effect of adding an rGO
layer on the adsorption energy and bandgap energy of SrLaFeOs; (SLFO) as an ethanol gas
sensor using Density Functional Theory (DFT). DFT calculations were carried out to
calculate the adsorption energy and bandgap energy of pure SrLaFeOs and SrLaFeOs with
the addition of an rGO layer to exposure to ethanol molecules. In this study, the adsorption
energy of SrLaFeOs when exposed to ethanol was -5.12 eV and became -6.09 eV after
being coated with rGO. For SrLaFeOs; bandgap energy is 0,83 eV and when coated with
rGO becomes 0.04 eV. For SrLaFeO; exposed to ethanol is 0.40 eV and becomes 0.02 eV
when coated with rGO. Based on these results, the addition of rGO layer can reduce the
bandgap energy of SrLaFeOs and has the potential to increase the sensitivity and selectivity
of SrLaFeOs-based ethanol gas sensors.

Keywords: LaFeOg, Strontium, SrLaFeOs, reduce graphene oxide, ethanol gas
sensor, density functional theory

viii



DAFTAR ISI

LEMBAR PENGESAHAN ......oooiiiiectsteeee et i
PERNY ATAAN . ..ottt ettt et se e e et e nbestesbensaeraeneeneens iii
KATA PENGANTAR ..ottt sttt sttt na e e s iv
UCAPAN TERIMA KASTH.......ooiiiie ittt Y%
ABSTRAK .o bbb vii
ABSTRACT L. bbb bbbt viii
DAFTAR TSI ..ottt bbbt IX
DAFTAR GAMBAR ..ottt xii
DAFTAR TABEL ..ottt ettt Xiii
DAFTAR LAMPIRAN ..ottt ettt Xiv
BAB | PENDAHULUAN ..ottt 1
1.1 Latar BelaKang ... 1
1.2 RUMUSAN MaSalaN .........coiiiiiiiecie e 4
1.3 Batasan Masalah Penelitian...........cccccoveiiieiiniiiiiiieseese e 4
1.4 Tujuan Penelitian..........c.cooveiiiiiiiciece e 4
1.5 Manfaat Penelitian...........ccocvoiiiiiiee e 5
1.6 Sistematika PENUIISAN........cceoiiiiieiieie e 5
BAB 1 TINJAUAN PUSTAKA . ..ottt 6
2.1 ERANOL...ciiiice e 6
2.2 SBNSON GBS ...ttt 6
2.3 Material LaFeOs sebagai SENSOr Gas.........ccoovrvrerirenieiienenesese e 7
2.4 DOPING ST oottt 8
2.5 o] 15710 1 £ €1 PSP 9
2.6 ENEIgi AdSOIPSI ...ciiiiiiie ettt ettt 11
2.7 ENErgi BandQap .......cccooeririiiiiiiiiiieieiese s 11
2.8 Density Functional TheOorY ..o 12
2.8.1 Generalized-Gradient ApproxXimation ............cccceevveevvevvesiieennnn. 14

2.8.2  GGATU .ot 15



2.8.3 POtensial SEMU.......cooveeeiee 15

2.8.4 Self-Consistent Field (SCF) ..o 15

2.8.5 Variabel Cell Relaxation (VC-RelaXx).......c.ccccceviiveiviiininciircnnn, 16

2.8.6  Band CalCulation............c.ccoouiiririeieii e 16

BAB 11l METODOLOGI PENELITIAN. ..ottt 17
3.1  Waktu dan Tempat Penelitian ..........ccccooveieiiiiniiiiiceeece e 17
3.2 SPesifikasi PErangkat...........coceveriiinieieiere e 17
3.3 Prosedur PENEHTIAN ......ccoiviiirieieiesiseee e 17
34 ANEPeNITIAN. ..o 17
3.5 Tahapan KOMPULASI........ccerveririiiiiieieieiee e 18
3.5.1 Menyiapkan struktur STLAFeO3 .........ccccoviiriiiiieec e 19

3.5.2 Menyiapkan Struktur Reduce Graphene Oxide (rGO) ................ 19

3.5.3 Menyiapkan struktur gas etanol ..............ccccooveveiieeii e, 20

3.5.4 Menentukan nilai konvergensi struktur dengan kalkulasi SCF ... 20

3.5.5 Menentukan nilai jarak ideal molekul gas etanol ........................ 20

3.5.6 Menentukan nilai jarak ideal rGO...........ccccccviveiieeiii s, 21

3.5.7 Menentukan nilai energi adSorpsi .........cccceveveeveiieeiesiie e 21

3.5.8 Menentukan nilai energi bandgap ..........ccocvvveiiiiiininne 22

BAB IV TEMUAN DAN PEMBAHASAN ... 23
4.1  Konvergensi Struktur dengan Kalkulasi SCF ...........c..ccocoovinincinenne. 23
4.1.1 Kovergensi K-pointS ........ccccoveiiiieiieie e se e 23

4.1.2 Kovergensi energi CUt-0ff...........cccovveiiiiiiieiiicie e, 24

4.2 Jarak Molekul Gas Etanol ..........ccccoccoviieiineiie e 25
O N - 1 -1 0 LTS 25
N T T AN o] 1 1] USSR 26
4.4.1 Energi Adsorpsi Molekul Gas Etanol pada SrLaFeOs................. 26

4.4.2 Energi Adsorpsi Molekul Etanol pada SrLaFeOs @rGO............. 27

4.4.3  Analisis ENergi AdSOIPSI ......cceieiiriiiniiiinieeeie e 27

4.5  Energi Band-gap.......ccccceiiiiiieiie e 29
4.5.1 Energi Bandgap LaFeOs.......cccviiiiiiiieiieeee e 29

4.5.2 Energi Bandgap SrLaFeO3 ....ccoovviiiiiiiiiciieeee s 30

4.5.3 Energi Bandgap SrLaFeOsz Dilapisi rGO........cccccvvveveiieinennnns 31



4.5.4 Energi Bandgap SrLaFeOzdengan Molekul Etanol ................... 32

455 Energi Bandgap SrLaFeOz @rGO dengan Molekul Etanol ....... 32

4.5.6 Analisis Data Energi Bandgap.........ccccoocevvveiieieiiieiieie e 33

BABV SIMPULAN, IMPLIKASI, REKOMENDASI ........cccooeiiiiiiniiiieen, 36
5.1 SIMPUIAN ... 36
5.2 IMPIIKAST ..o s 36
5.3 REKOMENUAST ....ocvvenviiiieiiieie e 36
DAFTAR PUSTAKA ..ottt 38
LAMPIRAN ...ttt bbbttt bbb b e 49

Xi



DAFTAR GAMBAR

Gambar 2.1 Struktur molekul etanol (Helmenstine, 2021) .........cccooeviiiniiennnnnnne 6
Gambar 2.3 llustrasi struktur graphene dan turunannya: (A) graphene satu lapis,

(B) graphene multilapis, (C) graphene oxide, (D) reduced graphene

oxide (Smith dkK., 2019) ......ccceeiiiieiece e 10
Gambar 3.1 Diagram Alir PENEITIAN ........c.coveiiiiiiiiiiiieceeeeee e 18
Gambar 3.2 llustrasi struktur (a) LaFeOs (b) SrLaFeOs .......ccoveveieieiiiiiiies 19
Gambar 3.3 llustrasi Struktur Lapisan Tunggal rGO.........ccccevvevveieiieceececeee 20
Gambar 3.4 llustrasi SrLaFeOs dengan molekul etanol............cccccoceveiiiiiiiinens 21
Gambar 3.5 llustrasi SrLaFeO3 dengan penambahan rGO ..........cccocvviiiinnnnnne 21
Gambar 4.1 Plot konvergensi k-points terhadap energi total .............cc.ccocevvnnnene 24
Gambar 4.2 Plot Konvergensi Energi Cut-off terhadap energi total..................... 24
Gambar 4.3 Plot variasi jarak molekul etanol terhadap energi total ..................... 25
Gambar 4.4 Plot variasi jarak rGO terhadap energi total............cccccevenniiiinnnnns 26
Gambar 4.5 llustrasi struktur SrLaFeO3 @rGO dengan molekul etanol .............. 27
Gambar 4.6 Perbandingan kurva bands direct (Kiri) dan bands indirect (kanan)

(ADEAIN, 2015) ...cuiiiiieieiceiee e 29
Gambar 4.7 Grafik Energi Bandgap LaFeO3........ccovviiiiiniiiiicie e 30
Gambar 4.8 Grafik Energi Bandgap SrLaFeOs.........ccoovvviiiiiiecieiese s 31
Gambar 4.9 Grafik Energi Bandgap SrLaFeO3 yang dilapisi rGO ...................... 31
Gambar 4.10 Grafik Energi Bandgap SrLaFeOz dengan molekul etanol ............. 32

Gambar 4.11 Grafik Energi Bandgap SrLaFeOs @rGO dengan molekul etanol.. 33

xii



DAFTAR TABEL

Tabel 4.1 Data energi adSOIPSI........coeiiriririeieienie e 27
Tabel 4.2 Data energi Dandgap..........ccovreeiiieiiee s 33
Tabel 4.3 Energi bandgap berbagai material.............ccccoocovveviiieii e 34
Tabel 4.4 Energi bandgap berbagai material yang dilapisi rGO..............c.ccc.v..... 34
Tabel 4.5 Energi bandgap berbagai material terhadap molekul gas tertentu........ 35

Xiii



DAFTAR LAMPIRAN

Lampiran 1 Input Quantum Espresso kovergensi K-points............ccccoeeveienennnee 49
Lampiran 2 Input Quantum Espresso kovergensi energi cut-off ..............cccceeeeee 50
Lampiran 3 Input Quantum Espresso jarak optimal molekul etanol..................... 52
Lampiran 4 Input Quantum Espresso jarak optimal lapisan rGO.............cccceeuee.. 55
Lampiran 5 Input Quantum Espresso energi total adsorben SrLaFeOs................ 58

Lampiran 6 Input Quantum Espresso energi total adsorben SrLaFeOs @rGO .... 60
Lampiran 7 Input Quantum Espresso energi total adsorbat molekul etanol ......... 63
Lampiran 8 Input Quantum Espresso energi total sistem SrLaFeOz dengan
MOIEKUI €LANONL.......c.eiiiieeee e 65
Lampiran 9 Input Quantum Espresso energi total sistem SrLaFeOz @rGO dengan
MOIEKUI €aN0N ..o 67
Lampiran 10 Input Quantum Espresso Kalkulasi Medan Konsisten SrLaFeOs... 71
Lampiran 11 Input Quantum Espresso Kalkulasi Medan Konsisten SrLaFeOs
dengan penambahan molekul etanol..............cccccooeiiiiiinninn 73

Lampiran 12 Input Quantum Espresso Kalkulasi Medan Konsisten SrLaFeOs

Lampiran 13 Input Quantum Espresso Kalkulasi Medan Konsisten SrLaFeOs
@rGO dengan penambahan molekul etanol .............cccccceovvieiinnnnns 78
Lampiran 14 Input Quantum Espresso Kalkulasi Celah Pita SrLaFeOs............... 81
Lampiran 15 Input Quantum Espresso Kalkulasi Celah Pita SrLaFeO3 dengan
MOIeKUI €LaN0L..........ooviie e 83
Lampiran 16 Input Quantum Espresso Kalkulasi Celah Pita SrLaFeOs @rGO ... 85
Lampiran 17 Input Quantum Espresso Kalkulasi Celah Pita SrLaFeO3z @rGO

dengan molekul etanol .............ccooieiiiiiiic i 88
Lampiran 18 Input Kalkulasi Pascaproses Celah Pita SrLaFeOs............ccceveeneee 91
Lampiran 19 Input Kalkulasi Pascaproses Celah Pita SrLaFeOs dengan molekul

BLANOL.....eee s 91
Lampiran 20 Input Kalkulasi Pascaproses Celah Pita SrLaFeOsz @rGO............... 92

Lampiran 21 Input Kalkulasi Pascaproses Celah Pita SrLaFeOz @rGO dengan
MOIEKUI €LaAN0L..........ccviieceee e 92

Xiv



DAFTAR PUSTAKA

Abedin, Minhaz. (2015). A Self-Adjusting Lin-Log Active Pixel For Wide
Dynamic Range Cmos Image Sensor. 10.13140/RG.2.1.3871.8965.

Ahmed, F. E. (2001). Toxicology and human health effects following exposure to
oxygenated or reformulated gasoline. Toxicology Letters, 123(2-3), 89-113.

Ahmed, S. H., Bakiro, M., Aljasmi, F. I. A., Albreiki, A. M. O., Bayane, S., &
Alzamly, A. (2020). Investigation of the band gap and photocatalytic
properties of CeO2/rGO composites. Molecular Catalysis, 486(March),
110874.

Aminullah, Mw., Setiawan, H., Huda, A., Samaulah, H., Haryati, S., & Bustan, Md.
(2019). Pengaruh Komposisi Material Semikonduktor Dalam Menurunkan
Energi Band Gap dan Terhadap Konversi Gelombang Mikro. Jurnal EECCIS,
13(2), 65-70.

Bahamon, D., Khalil, M., Belabbes, A., Alwahedi, Y., Vega, L. F., &
Polychronopoulou, K. (2021). A DFT study of the adsorption energy and
electronic interactions of the SO2molecule on a CoP hydrotreating catalyst.
RSC Advances, 11(5), 2947-2957.

Bai, S., Shi, B., Ma, L., Yang, P., Liu, Z., Li, D., & Chen, A. (2009). Synthesis of
LaFeO3 catalytic materials and their sensing properties. Science in China,
Series B: Chemistry, 52(12), 2106-2113.

Benali, A., Azizi, S., Bejar, M., Dhahri, E., & Graca, M. F. P. (2014). Structural,
electrical and ethanol sensing properties of double-doping LaFeO3 perovskite
oxides. Ceramics International, 40(9 PART A), 14367-14373.

Berger, C., Song, Z., Li, X., Wu, X., Brown, N., Naud, C., Mayou, D., Li, T., Hass,
J., Marchenkov, A. N., Conrad, E. H., First, P. N., & De Heer, W. A. (2006).
Electronic confinement and coherence in patterned epitaxial graphene.
Science, 312(5777), 1191-1196.

Bhargava, R., & Khan, S. (2017). Effect of reduced graphene oxide (rGO) on
structural, optical, and dielectric properties of Mg(OH)2/rGO nanocomposites.
Advanced Powder Technology, 28(11), 2812—-2819.

Bhati, V. S., Ranwa, S., Rajamani, S., Kumari, K., Raliya, R., Biswas, P., & Kumar,

38



39

M. (2018). Improved Sensitivity with Low Limit of Detection of a Hydrogen
Gas Sensor Based on rGO-Loaded Ni-Doped ZnO Nanostructures. ACS
Applied Materials and Interfaces, 10(13), 11116-11124.

Bui, V.Q.,Pham, T.T.,Le, D. A., Thi, C. M., & Le, H. M. (2015). A first-principles
investigation of various gas (CO, H20, NO, and O2) absorptions on a WS2
monolayer: Stability and electronic properties. Journal of Physics Condensed
Matter, 27(30).

Burger, A., & Lichtscheidl, 1. (2019). Strontium in the environment: Review about
reactions of plants towards stable and radioactive strontium isotopes. Science
of the Total Environment, 653, 1458-1512.

Cao, E., Chu, Z., Wang, H., Hao, W., Sun, L., & Zhang, Y. (2018). Effect of film
thickness on the electrical and ethanol sensing characteristics of LaFeOs
nanoparticle-based thick film sensors.Ceramics International,44(6),7180-
7185.

Chen, J., Xu, L., Li, W., & Gou, X. (2005). a-Fe203 nanotubes in gas sensor and
lithium-ion battery applications. Advanced Materials, 17(5), 582-586.

Choudhary, K., & Tavazza, F. (2019). Convergence and machine learning
predictions of Monkhorst-Pack k-points and plane-wave cut-off in high-
throughput DFT calculations. Computational Materials Science,161,300-308.

Cohen, A. J., Mori-Sanchez, P., & Yang, W. (2012). Challenges for density
functional theory. Chemical Reviews, 112(1), 289-320.

Cyza, A., Cieniek, L., Moskalewicz, T., Maziarz, W., Kusinski, J., Kowalski, K.,
& Kopia, A. (2020). The effect of strontium doping on lafeo3 thin films
deposited by the pld method. Catalysts, 10(9).

Dey, A. (2018). Semiconductor metal oxide gas sensors: A review. Materials
Science and Engineering: B, 229(December 2017), 206-217.

Du, H., Xie, G., Su, Y., Tai, H., Du, X., Yu, H., & Zhang, Q. (2019). A new model
and its application for the dynamic response of rgo resistive gas sensor.
Sensors (Switzerland), 19(4), 1-11.

Gabal, M. A., Al-Solami, F., Al Angari, Y. M., Awad, A., Al-Juaid, A. A., & Saeed,
A. (2020). Structural, magnetic, and electrical characterization of Sr-

substituted LaFeO3 perovskite synthesized via sucrose auto-combustion route.



40

Journal of Materials Science: Materials in Electronics, 31(4), 3146-3158.

Gai, L. Y., Lai,R. P., Dong, X. H., Wu, X, Luan, Q. T., Wang, J., Lin, H. F., Ding,
W. H.,Wu, G. L., & Xie, W. F. (2022). Recent advances in ethanol gas sensors
based on metal oxide semiconductor heterojunctions. Rare Metals, 41(6),
1818-1842.

Gao, H., Ma, Y., Song, P., Leng, J., & Wang, Q. (2021). Gas sensor based on
rGO/ZnO aerogel for efficient detection of NO2 at room temperature. Journal
of Materials Science: Materials in Electronics, 32(8), 10058-10069.

Gao, R., Gao, L., Zhang, X., Gao, S., Xu, Y., Cheng, X., Guo, G., Ye, Q., Zhou, X.,
Major, Z., & Huo, L. (2021a). The controllable assembly of the heterojunction
interface of the ZnO@rGO for enhancing the sensing performance of NO2 at
room temperature and sensing mechanism. Sensors and Actuators, B:
Chemical, 342(February), 1-11.

Gao, R., Gao, L., Zhang, X., Gao, S., Xu, Y., Cheng, X., Guo, G., Ye, Q., Zhou, X.,
Major, Z., & Huo, L. (2021b). The controllable assembly of the heterojunction
interface of the ZnO@rGO for enhancing the sensing performance of NO2 at
room temperature and sensing mechanism. Sensors and Actuators, B:
Chemical, 342(May), 1-11.

Gao, W., Chen, Y., Li, B., Liu, S. P., Liu, X., & Jiang, Q. (2020). Determining the
adsorption energies of small molecules with the intrinsic properties of
adsorbates and substrates. Nature Communications, 11(1).

Geim, A. K., & Novoselov, K. S. (2009). The rise of graphene. Nanoscience and
Technology: A Collection of Reviews from Nature Journals, 11-19.

Ghosh, R., Midya, A., Santra, S., Ray, S. K., & Guha, P. K. (2013). Chemically
reduced graphene oxide for ammonia detection at room temperature. ACS
Applied Materials and Interfaces, 5(15), 7599-7603.

Gusti, I., Wijaya, B., Jurusan, K., & Mesin, T. (2010). Pengolahan Sampah Organik
Menjadi Etanol Dan Pengujian Sifat Fisika Biogasoline. 13-15.

Hadisaputra, S., Pranowo, H. D., & Armunanto, R. (2012). Extraction of
strontium(ii) by crown ether: Insights from density functional calculation.
Indonesian Journal of Chemistry, 12(3), 207-216.

Han, L., & Chen, C. (2010). Magnetocaloric and colossal magnetoresistance effect



41

in layered perovskite Lal.4Sr1.6Mn207. Journal of Materials Science and
Technology, 26(3), 234-236.

Haryadi, H., Suprayoga, E., & Suhendi, E. (2022). An Analysis of Electronic
Properties of LaFeO3 using Density Functional Theory with Generalized
Gradient Approximation-Perdew-Burke-Ernzerhof Method for Ethanol Gas
Sensors. Materials Research, 25.

Herndndez-Ramirez, A., & Medina-Ramirez, [I. (2015). Photocatalytic
semiconductors: Synthesis, characterization, and environmental applications.
In  Photocatalytic Semiconductors: Synthesis, Characterization, and
Environmental Applications (Issue January 2015).

Hiura, H. (2004). Tailoring graphite layers by scanning tunneling microscopy.
Applied Surface Science, 222(1-4), 374-381.

Hjiri, M., Dhahri, R., Omri, K., EI Mir, L., Leonardi, S. G., Donato, N., & Neri, G.
(2014). Effect of indium doping on ZnO based-gas sensor for CO. Materials
Science in Semiconductor Processing, 27(1), 319-325.

Hu, J., & Qin, H. (2001). Giant magnetoimpedance effect in La0.7Ca0.3MnO3
under low magnetic fields. Journal of Magnetism and Magnetic Materials,
231(1), 1.

Hu, L., Hu, X., Wu, X., Du, C., Dai, Y., & Deng, J. (2010). Density functional
calculation of transition metal adatom adsorption on graphene. Physica B:
Condensed Matter, 405(16), 3337-3341.

Huang, L., Cheng, L., Pan, S., He, Y., Tian, C., Yu, J., & Zhou, H. (2020). Effects
of Sr doping on the structure, magnetic properties and microwave absorption
properties of LaFeO3 nanoparticles. Ceramics International, 46(17), 27352—
27361.

Huang, Y., Jiao, W., Chu, Z., Ding, G., Yan, M., Zhong, X., & Wang, R. (2019).
Ultrasensitive room temperature ppb-level NO2 gas sensors based on
SnS2/rGO nanohybrids with P-N transition and optoelectronic visible light
enhancement performance. Journal of Materials Chemistry C, 7(28), 8616—
8625.

Jariwala, D., Srivastava, A., & Ajayan, P. M. (2011). Graphene synthesis and band
gap opening. Journal of Nanoscience and Nanotechnology, 11(8), 6621-6641.



42

Jia, Z., Gao, Z., Kou, K., Feng, A., Zhang, C., Xu, B., & Wu, G. (2020). Facile
synthesis of hierarchical A-site cation deficiency perovskite LaxFeO3-y/RGO
for high efficiency microwave absorption. Composites Communications, 20.

Jiang, T., He, Q., Bi, M., Chen, X., Sun, H., & Tao, L. (2021). First-principles
calculations of adsorption sensitivity of Au-doped MoS2 gas sensor to main
characteristic gases in oil. Journal of Materials Science, 56(24), 13673-13683.

Jiang, Z., Jiang, T., Wang, J., Wang, Z., Xu, X., Wang, Z., Zhao, R., Li, Z., & Wang,
C. (2015). Ethanol chemiresistor with enhanced discriminative ability from
acetone based on Sr-doped SnO2 nanofibers. Journal of Colloid and Interface
Science, 437, 252-258.

Joy, R., Han, Z., Xu, K., Pan, X., Liao, N., & Zhou, H. (2020). DFT investigation
of gas sensing characteristics of Au-doped vanadium dioxide. Physics Letters,
Section A: General, Atomic and Solid State Physics, 384(32), 2—6.

Kacem, K., Casanova-Chafer, J., Ameur, S., Nsib, M. F., & Llobet, E. (2023). Gas
sensing properties of graphene oxide loaded with SrTiO3 nanoparticles.
Journal of Alloys and Compounds, 941, 169011.

Kong, L., Enders, A., Rahman, T. S., & Dowben, P. A. (2014). Molecular
adsorption on graphene. Journal of Physics Condensed Matter, 26(44).

Kou, L., Frauenheim, T., & Chen, C. (2014). Phosphorene as a superior gas sensor:
Selective adsorption and distinct i - V response. Journal of Physical Chemistry
Letters, 5(15), 2675-2681.

Kryachko, E. S., & Ludefia, E. V. (2014). Density functional theory: Foundations
reviewed. Physics Reports, 544(2), 123-239.

Kumar, V., & Roy, D. R. (2019). Single-layer stanane as potential gas sensor for
NO 2, SO 2, CO 2 and NH 3 under DFT investigation. Physica E: Low-
Dimensional Systems and Nanostructures, 110(2), 100-106.

Lazar, P., Jurec, P., & Otyepka, M. (2013). Adsorption of Small Organic Molecules
on Graphene.

Lee, W. Y., Yun, H. J.,, & Yoon, J. W. (2014). Characterization and magnetic
properties of LaFeO3 nanofibers synthesized by electrospinning. Journal of
Alloys and Compounds, 583(3), 320-324.

Li, M., Zhu, H., Wei, G., He, A., & Liu, Y. (2019). DFT calculation and analysis



43

of the gas sensing mechanism of methoxy propanol on Ag decorated SnO2
(110) surface. RSC Advances, 9(61), 35862—-35871.

Li, X., Zhao, Y., Wang, X., Wang, J., Gaskov, A. M., & Akbar, S. A. (2016).
Reduced graphene oxide (rGO) decorated TiO2 microspheres for selective
room-temperature gas sensors. Sensors and Actuators, B: Chemical, 230, 330—
336.

Liu, X., Cheng, B., Hu, J., & Qin, H. (2012). Study on adsorption of O 2 on LaFe
1-x Mg x O 3 (0 1 0) surface by density function theory calculation. Applied
Surface Science, 258(22), 8678-8682.

Liu, X., Cheng, S., Liu, H., Hu, S., Zhang, D., & Ning, H. (2012). A survey on gas
sensing technology. Sensors (Switzerland), 12(7), 9635-9665.

Liu, X., Liu, J., Liu, Q., Chen, R., Zhang, H., Yu, J., Song, D., Li, J., Zhang, M., &
Wang, J. (2018). Template-free synthesis of rGO decorated hollow Co304
nano/microspheres for ethanol gas sensor. Ceramics International, 44(17),
21091-21098.

Lu, G,, Ocola, L. E., & Chen, J. (2009). Reduced graphene oxide for room-
temperature gas sensors. Nanotechnology, 20(44), 445502.

Majhi, S. M., Mirzaei, A., Kim, H. W., & Kim, S. S. (2021). Reduced graphene
oxide (Rgo)-loaded metal-oxide nanofiber gas sensors: An overview. Sensors
(Switzerland), 21(4), 1-19.

Mangavati, S., Rao, A., Devadiga, D., Selvakumar, M., Misra, K. P., Upadhyaya,
A., & Chattopadhyay, S. (2022). Defects and band gap shrinkage in ZnO/rGO
composite nano-pebbles prepared by solid-state reaction. Diamond and
Related Materials, 123(October 2021), 108886.

Mao, J. N., Hong, B., Chen, H. D., Gao, M. H., Xu, J. C., Han, Y. B, Yang, Y. T,
Jin, H. X,, Jin, D. F., Peng, X. L., Li, J., Ge, H. L., & Wang, X. Q. (2020).
Highly improved ethanol gas response of n-type a-Fe203 bunched nanowires
sensor with high-valence donor-doping. Journal of Alloys and Compounds,
827.

Mao, Y., Yuan, J., & Zhong, J. (2008). Density functional calculation of transition
metal adatom adsorption on graphene. Journal of Physics Condensed Matter,
20(11).



44

Mathkar, A., Tozier, D., Cox, P., Ong, P., Galande, C., Balakrishnan, K., Leela
Mohana Reddy, A., & Ajayan, P. M. (2012). Controlled, stepwise reduction
and band gap manipulation of graphene oxide. Journal of Physical Chemistry
Letters, 3(8), 986-991.

Mehdi Aghaei, S., Monshi, M. M., Torres, |, Zeidi, S. M. J., & Calizo, 1. (2018).
DFT study of adsorption behavior of NO, CO, NO 2, and NH 3 molecules on
graphene-like BC 3 : A search for highly sensitive molecular sensor. Applied
Surface Science, 427(2), 326-333.

Meng, F., Yang, Z., Yuan, Z., Zhang, H., & Zhu, H. (2023). Hydrothermal synthesis
of CuO/rGO nanosheets for enhanced gas sensing properties of ethanol.
Ceramics International, 49(4), 5595-5603.

Nazemi, H., Joseph, A., Park, J., & Emadi, A. (2019). Advanced micro-and nano-
gas sensor technology: A review. Sensors (Switzerland), 19(6).

Ng, K. C., Burhan, M., Shahzad, M. W., & Ismail, A. Bin. (2017). A Universal
Isotherm Model to Capture Adsorption Uptake and Energy Distribution of
Porous Heterogeneous Surface. Scientific Reports, 7(1), 1-11.

Ni, J., Quintana, M., & Song, S. (2020). Adsorption of small gas molecules on
transition metal (Fe, Ni and Co, Cu) doped graphene: A systematic DFT study.
Physica E: Low-Dimensional Systems and Nanostructures, 116, 113768.

Nikolic, M. V., Milovanovic, V., Vasiljevic, Z. Z., & Stamenkovic, Z. (2020).
Semiconductor gas sensors: Materials, technology, design, and application.
Sensors (Switzerland), 20(22), 1-31.

Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D., Katsnelson, M. 1.,
Grigorieva, I. V., Dubonos, S. V., & Firsov, A. A. (2005). Two-dimensional
gas of massless Dirac fermions in graphene. Nature, 438(7065), 197-200.

Pecchi, G., Jiliberto, M. G., Buljan, A., & Delgado, E. J. (2011). Relation between
defects and catalytic activity of calcium doped LaFeO 3 perovskite. Solid State
lonics, 187(1), 27-32.

Peng, H., & Perdew, J. P. (2017). Rehabilitation of the Perdew-Burke-Ernzerhof
generalized gradient approximation for layered materials. Physical Review B,
95(8), 1-5.

Pongajow, N. T., Juliandri, J., & Hastiawan, I. (2017). Penentuan Geometri Dan



45

Karakteristik Ikatan Senyawa Kompleks Ni(li)-Dibutilditiokarbamat Dengan
Metode Density Functional Theory. Indonesian Journal of Applied Sciences,
7(2), 33-36.

Qin, J., Cui, Z,, Yang, X., Zhu, S., Li, Z., & Liang, Y. (2015). Synthesis of three-
dimensionally ordered macroporous LaFeO3 with enhanced methanol gas
sensing properties. Sensors and Actuators, B: Chemical, 209, 706-713.

Qiongyu Li. (2018). Authors : Ac ce d M us pt. 2D Materials, 0-23.

Radhi Devi, K., Selvan, G., Karunakaran, M., Poul Raj, I. L., Ganesh, V., &
AlFaify, S. (2020). Enhanced room temperature ammonia gas sensing
properties of strontium doped ZnO thin films by cost-effective SILAR method.
Materials Science in Semiconductor Processing, 119(April), 105117.

Ren, H., Gu, C,, Joo, S. W., Zhao, J., Sun, Y., & Huang, J. (2018). Effective
hydrogen gas sensor based on NiO@rGO nanocomposite. Sensors and
Actuators, B: Chemical, 266, 506-513.

Riwanda, R., & Elvaswer, E. (2017). Karakteristik Arus-Tegangan Komposit dari
Bahan Semikonduktor ZnO-TiO2 Sebagai Sensor Gas Hidrogen. Jurnal
Fisika Unand, 6(3), 211-216.

Rokhmawati, E. . (2019). Analisis Pemilihan Dopan dalam Menurunkan Energi
Band Gap pada Sintesis Lapisan TiO 2. Prosiding Seminar Nasiona, 2(1v), 5—
9.

Sagadevan, S., Lett, J. A., Weldegebrieal, G. K., ud Dowla Biswas, M. R., Oh, W.
C., Alshahateet, S. F., Fatimah, I, Mohammad, F., Al-Lohedan, H. A,
Paiman, S., Podder, J., & Johan, M. R. (2021). Enhanced gas sensing and
photocatalytic activity of reduced graphene oxide loaded TiO2 nanoparticles.
Chemical Physics Letters, 780(July), 138897.

Salehi, T., Taherizadeh, A., Bahrami, A., Allafchian, A., & Ghafarinia, V. (2020).
Toward a Highly Functional Hybrid ZnO Nanofiber-rGO Gas Sensor.
Advanced Engineering Materials, 22(8).

Schedin, F., Geim, A. K., Morozov, S. V, Hill, E. W., Blake, P., Katsnelson, M. 1.,
& Novoselov, K. S. (1971). Acute toxic effects of drug abuse: diagnosis and
treatment. Journal of the Florida Medical Association, 58(4), 41-42.

Sen, S., & Kundu, S. (2021). Reduced graphene oxide (rGO) decorated ZnO-SnO2:



46

A ternary nanocomposite towards improved low concentration VOC sensing
performance. Journal of Alloys and Compounds, 881, 160406.

Setyawan, W., & Curtarolo, S. (2010). High-throughput electronic band structure
calculations: Challenges and tools. Computational Materials Science, 49(2),
299-312.

Sharma, N., Kushwaha, H. S., Sharma, S. K., & Sachdev, K. (2020). Fabrication of
LaFeO3 and rGO-LaFeO3 microspheres based gas sensors for detection of
NO2 and CO. RSC Advances, 10(3), 1297-1308.

Shein, 1. R., Shein, K. 1., Kozhevnikov, V. L., & Ivanovskii, A. L. (2005). Band
structure and the magnetic and elastic properties of SrFeO3 and LaFeO3
perovskites. Physics of the Solid State, 47(11), 2082—-2088.

Shirage, P. M., Rana, A. K., Kumar, Y., Sen, S., Leonardi, S. G., & Neri, G. (2016).
Sr- and Ni-doping in ZnO nanorods synthesized by a simple wet chemical
method as excellent materials for CO and CO2 gas sensing. RSC Advances,
6(86), 82733-82742.

Silveira, J. L., Braga, L. B., de Souza, A. C. C., Antunes, J. S., & Zanzi, R. (2009).
The benefits of ethanol use for hydrogen production in urban transportation.
Renewable and Sustainable Energy Reviews, 13(9), 2525-2534.

Smith, A. T., LaChance, A. M., Zeng, S., Liu, B., & Sun, L. (2019). Synthesis,
properties, and applications of graphene oxide/reduced graphene oxide and
their nanocomposites. Nano Materials Science, 1(1), 31-47.

Sorescu, D. C. (2006). First-principles calculations of the adsorption and
hydrogenation reactions of CHx (x=0,4) species on a Fe(100) surface. Physical
Review B - Condensed Matter and Materials Physics, 73(15), 1-17.

Srirattanapibul, S., Nakarungsee, P., Issro, C., Tang, I. M., & Thongmee, S. (2021).
Enhanced room temperature NH3 sensing of rGO/Co304 nanocomposites.
Materials Chemistry and Physics, 272(July), 125033.

Sugato Hajra, Arya Tripathy, Basanta K Panigrahi, R. C. (2019). ce pte d M pt.
Nanotechnology, 29(46), 465705.

Sutti, A., Baratto, C., Calestani, G., Dionigi, C., Ferroni, M., Faglia, G., &
Sberveglieri, G. (2008). Inverse opal gas sensors: Zn(ll)-doped tin dioxide

systems for low temperature detection of pollutant gases. Sensors and



47

Actuators, B: Chemical, 130(1), 567-573.

Tian, M., Miao, J., Cheng, P., Mu, H., Tu, J., & Sun, J. (2019). Layer-by-layer
nanocomposites consisting of Co 3 O 4 and reduced graphene (rGO)
nanosheets for high selectivity ethanol gas sensors. Applied Surface Science,
479(January), 601-607.

Tian, W, Liu, X., & Yu, W. (2018). Research progress of gas sensor based on
graphene and its derivatives: A review. Applied Sciences (Switzerland), 8(7).

Tiwary, P., Chatterjee, S. G., Singha, S. S., Mahapatra, R., & Chakraborty, A. K.
(2021). Room temperature ethanol sensing by chemically reduced graphene
oxide film. FlatChem, 30(November), 100317.

Toan, N. N., Saukko, S., & Lantto, V. (2003). Gas sensing with semiconducting
perovskite oxide LaFeO3. Physica B: Condensed Matter, 327(2-4), 279-282.

Vale, A. (2007). Ethanol. Medicine, 35(11), 615-616.

Vargas-Bernal, R. (2019). Electrical properties of two-dimensional materials used
in gas sensors. Sensors (Switzerland), 19(6), 100-107.

Vijayan, T. A., Chandramohan, R., Valanarasu, S., Thirumalai, J., & Subramanian,
S. P. (2008). Comparative investigation on nanocrystal structure, optical, and
electrical properties of ZnO and Sr-doped ZnO thin films using chemical bath
deposition method. Journal of Materials Science, 43(6), 1776-1782.

Wang, H., Luo, W., Tian, Z., & Ouyang, C. (2019). First principles study of alkali
and alkaline earth metal ions adsorption and diffusion on penta-graphene.
Solid State lonics, 342(August), 115062.

Wang, J., Zhou, Q., Xu, L., Gao, X., & Zeng, W. (2020). Gas sensing mechanism
of dissolved gases in transformer oil on Ag—MoS2 monolayer: A DFT study.
Physica E: Low-Dimensional Systems and Nanostructures, 118(December
2019), 113947.

Widodo, S. (2019). Review Sensor Gas Berbasis Metal Oksida Semikonduktor
Untuk Mendeteksi Gas Polutan Yang Selektif Dan Sensitif. Techno-Socio
Ekonomika, 12(2), 92-112.

Widodo, S. (2020). Kajian Perkembangan Teknologi Sensor Gas Untuk. 13(1), 71—
80.

Wilson, D. F., & Matschinsky, F. M. (2020). Ethanol metabolism: The good, the



48

bad, and the ugly. Medical Hypotheses, 140 (January).

Wu, J., Tao, K., Miao, J., & Norford, L. K. (2015). Improved Selectivity and
Sensitivity of Gas Sensing Using a 3D Reduced Graphene Oxide Hydrogel
with an Integrated Microheater. ACS Applied Materials and Interfaces, 7(49),
27502-27510.

Wu, Y., Chen, X., Weng, K., Arramel, Jiang, J., Ong, W. J., Zhang, P., Zhao, X., &
Li, N. (2021). Highly Sensitive and Selective Gas Sensor Using Heteroatom
Doping Graphdiyne: A DFT Study. Advanced Electronic Materials, 7(7), 1—
9.

Xiao, H., Xue, C., Song, P., Li, J., & Wang, Q. (2015). Preparation of porous LaFeO
3 microspheres and their gas-sensing property. Applied Surface Science,
337(3), 65-71.

Yin, X. T., Huang, H., Xie, J. L., Dastan, D., Li, J., Liu, Y., Tan, X. M., Gao, X. C.,
Shah, W. A., & Ma, X. G. (2022). High-performance visible-light active Sr-
doped porous LaFeO3 semiconductor prepared via sol-gel method. Green
Chemistry Letters and Reviews, 15(3), 546-556.

Zhang, J., Liu, L., Sun, C., Li, X,, Zhao, B., Ju, X., Tian, C., Sun, D., & Nian, G.
(2020). Sr-doped a-Fe203 3D layered microflowers have high sensitivity and
fast response to ethanol gas at low temperature. Chemical Physics Letters,
750(April), 137495.

Zhou, Y., Lu, Z., Li, J., Xu, S., Xu, D., & Wei, B. (2021). The electronic properties
and structural stability of LaFeO3 oxide by niobium doping: A density
functional theory study. International Journal of Hydrogen Energy, 46(13),
9193-9198.

Zou, D., Zhao, W., Cui, B., Li, D., & Liu, D. (2018). Adsorption of gas molecules
on a manganese phthalocyanine molecular device and its possibility as a gas
sensor. Physical Chemistry Chemical Physics, 20(3), 2048-2056.



